INTRODUCTION
The region known as Beringia remained ice-free during the Pleistocene glaciations (Hopkins, 1967 ) and was likely a major northern refugium for plants (Hulten, 1937 (Hulten, , 1968 (Hulten, , 1973 . The proposed abundance of grass-and forbdominated vegetation throughout much of full-glacial late-Pleistocene Beringia (Duvanny Yar interval of Hopkins [1982] , approximately 12 to 30 ka) has led to the search for modern vegetation stands that could represent remnants of this previously extensive vegetation (Young, 1982; Yurtsev, 1982) . This proposed late-Pleistocene vegetation mosaic has been collectively referred to as steppe tundra, although it is generally recognized that it was an Steppe is a Russian term traditionally used to describe the vast grasslands of temperate continental Asia, and it gradually became incorporated into the worldwide ecological literature as a physiognomic descriptor of dry, continental grasslands. Modifications such as forest steppe, meadow steppe, shrub steppe, and tundra steppe have been used to describe areas with characteristics primarily of steppe but transitional to other physiognomic types. As a purely physiognomic term, steppe is not so dependent on species composition as on vegetation structure (Walter, 1973) . Hibbert (1982) reviewed the history of the steppe tundra concept as it has been applied to the Duvanny Yar Beringian vegetation. European paleontologists recognized as early as the late 19th century that the late-Pleistocene climate and vegetation were different from the present, and the concept of a steppe was invoked to describe a landscape that supported a diverse grazing fauna. Many of the mammals present in the fossil megafaunas found throughout Beringia, such as horse (Equus caballus), saiga antelope (Saiga tatarica), bison (Bison priscus), and woolly mammoth (Mammuthus primigenius), required a grassland diet or environment (Guthrie, 1968 (Guthrie, , 1982 Guthrie and Matthews, 1971; Martin, 1982; Vereshchagin and Baryshnikov, 1982) . This abundance of oversized mammals led Guthrie (1982) to suggest the term mammoth steppe to describe the biome. Thus, the concept of steppe tundra has gradually developed over the last century to describe a biome that essentially disappeared at the end of the Pleistocene.
Evidence for the vegetation composition of Duvanny Yar Beringia comes from pollen spectra at sites scattered throughout Alaska and northwestern Canada (Livingstone, 1955; Colinvaux, 1964; Rampton, 1971; Matthews, 1974; Ager, 1975 Ager, , 1982 Giterman et al., 1982; Ritchie, 1984; Ager and Brubaker, 1985; Anderson, 1985) . The available evidence consistently indicates that Livingstone's (1955) late Pleistocene Herb Zone pollen assemblage dominated by Gramineae, Cyperaceae, and Artemisia is a widespread phenomenon. The character of the landscape associated with this pollen assemblage, however, is a controversial debate. Ritchie (1984; Ritchie and Cwynar, 1982) wrote that the Beringian Duvanny Yar vegetation, at least in northwestern Canada, likely resembled a type of fellfield. Both steppe and fellfield are herbaceous, and Ritchie (1984) has argued that either of these physiognomic types could be interpreted from the same pollen analyses, but that low pollen influx rates and relatively small amounts of organic material in the sediments indicated an open, sparsely vegetated landscape similar to an alpine fellfield. Guthrie (1982) argued that low pollen influx rates are not necessarily correlated with low biomass in grazing ecosystems, however, because grazing pressure may alter plant allocation patterns toward low reproduction, thereby reducing pollen production.
The complex nature of Beringian vegetation during Duvanny Yar times has been recognized by many authors; as Schweger (1982: 109) described it, "Environmental gradients and vegetation continua were just as much a part of the Wisconsin-age landscape as they are at present." Young (1982) , who described the Duvanny Yar vegetation as most likely a mosaic, stated that fellfield types were probably more common in the northern areas of Beringia, grading into steppes in the interior. Edwards and Armbruster (1989) demonstrated the importance of topography to maintenance of extant steppe in interior Alaska. Although herbaceous tundra was overwhelmingly dominant throughout most of Beringia during the Duvanny Yar, the exact nature of the tundra types represented is difficult to reconstruct because of the limitations of routine palynological methods. Because of the controversy surrounding the term steppe tundra, in this paper we use steppe and tundra steppe to describe modern vegetation, and reserve steppe tundra specifically for the Pleistocene biome.
PINGOS OF THE CENTRAL ARCTIC COASTAL PLAIN
Pingos are ice-cored, dome-shaped mounds found in permafrost regions (Mackay, 1979) The Arctic Coastal Plain is a flat region dominated by thaw lakes and ice-wedge polygons. Permafrost is continuous and extends to over 600 m deep in places (Everett, 1980a) . Mean annual temperature near the coast at Prudhoe Bay is -13?C, and there is a steeply warming gradient of temperature inland (Haugen, 1982) . Mean annual precipitation is less than 25 cm (D. A. . Soils are mostly Pergelic Cryaquepts and Pergelic Cryaquolls grading into Histosols (Everett, 1980b Walker, 1990) . In addition to these microscale controls, meso-and macroscale patterns related to the coastal climatic gradient and substrate variation are also reflected on pingos.
Vegetation of these pingos is distinct from that on pingos in other parts of the coastal plain (National Petroleum Reserve-Alaska and the Arctic National Wildlife Refuge) and the Noatak River Delta, due to two factors: (1) the exceptional stability of the Prudhoe Bay pingos, and (2) the importance of loess in this ecosystem (D. A. Walker and Everett, 1991) . D. A. described two morphological classes of pingos from the Prudhoe Bay region. One type, which they called "steep-sided pingos," are morphologically similar to pingos described from other arctic regions, particularly the Tuktoyaktuk Peninsula in northwestern Canada (Mackay, 1979) . These pingos have relatively steep side slopes, usually between 10 and 30?, and are found exclusively within the boundaries of recognizable drained thawlake basins. Thus, their genesis is presumed to be a result of the formation of permafrost in thawed, saturated, coarse sediments following lake drainage, as described by Mackay (1979) . The other morphological pingo type was referred to as "broad-based" by D. A. . The broad-based pingos have a greater total volume and gentler side slopes than the steep-sided pingos. Additionally, broad-based pingos are usually found outside the confines of recognizable lake basins. D. A. speculated, based on a combination of factors including pingo morphology, regional distribution, and soil morphology, that the broad-based pingos are likely an older form that may have dated from a previous thaw-lake interval, perhaps as early as the Boutellier interval (Hopkins, 1982) , approximately 30 to 65 ka. There are no broad-based pingos known from surfaces less than 12,000 years old.
Although the exact age of any given pingo is not known, a unique feature of the Prudhoe Bay pingos is their stability. There are no known collapsed pingos from the Prudhoe Bay region, which is in contrast to the Tuktoyaktuk region, where collapsed and collapsing forms are common (Mackay, 1979) . The differences between the regions are likely due to a combination of surface gravels at Prudhoe Bay, giving the pingo surface exceptional stability, and colder mean annual temperatures at Prudhoe Bay. Thus, the potential longevity of these pingos, and the lack of evidence for pingo collapse, indicates that pingos could have remained as stable sites throughout the Holocene, and perhaps even longer.
Loess is still a dominant factor in the Prudhoe Bay region that maintains soil pH at 7.0 to 8.0 throughout most of the region (D. A. Walker and Everett, 1991). Calcareous sediments are carried from limestone deposits at the headwaters of the Sagavanirktok River and redeposited as loess on the coastal plain downwind of the river. This continual input of calcareous material maintains alkaline soil conditions, compared to most of the coastal plain where acidic substrates dominate. Over time, mesic tundra will normally become more acidic due to accumulation of organic acids in peat. Tundra steppe areas in Siberia have been reported primarily from calcareous substrates (Yurtsev, 1982 (Guthrie, 1982) . Yurtsev (1982) stressed floristic gradients, therefore including species composition in the definition. The concept of spatial extensiveness is also frequently invoked. All of these factors taken together, i.e., physiognomy, floristics, soils, and climate, constitute an ecological definition for steppe, as they consider the whole system rather than any one part. Classification is a subjective exercise. There can be no definitive proof that any vegetation entity should be called by one name or another. Using an ecological definition of steppe, we considered the following to be evidence in support of classifying these stands as steppe: (1) domination of the vegetation by grasses and forbs, (2) presence of species described from extant steppes of interior Alaska and Asia, (3) deep, nutrient-rich soils, and (4) warm, dry, microclimates. Finally, we assessed pollen profiles from a small group of sites to determine what similarity, if any, they had to steppe-tundra pollen spectra.
METHODS

SAMPLE SITES
Vegetation was sampled from seven specific sites on each of 41 pingos. East-northeast-facing slopes (site 1) are directly exposed to predominant winds and are snow free throughout the year. Summits (site 2) and many south-facing slopes are frequently used by arctic ground squirrels (Spermophilus parryi), arctic foxes (Alopex lagopus), and perching birds. Leeward (west-southwestfacing) slopes have three distinct snowbed sites associated with depth of snow and drainage (sites 3-5). South-facing upper backslopes (site 6) are usually snow free in winter and are the warmest sites in summer. North-facing upper backslopes (site 7), which are also predominantly snow free in winter, are the coldest sites in summer.
Percentage cover of all vascular and cryptogam species was estimated visually in a 5-m-diameter circular sample plot at each of the seven sites. Soil at each sample site was described and classified using the USDA taxonomy (Soil Survey Staff, 1975).
MICROCLIMATE
Soil and air temperature data were recorded on a pingo at Prudhoe Bay (Figure 2 ) in August 1986 in order to characterize the differences in surface temperatures on north-and south-facing slopes compared to the air temperature. Three Belfort continuous strip-chart recording temperature instruments were placed on the north-facing slope, south-facing slope, and summit of the pingo. A 30x 30 cm, 10-cm deep hole was dug at each surface temperature site and filled with clean gravel. The same gravel source was used for all holes. Temperature probes placed directly below the gravel surface measured ground surface temperature. Slope angles were locally adjusted to 30? on both sides of the pingos to compare north-and south-facing slopes of the same angle.
A standard-height weather shelter was erected approximately 100 m southeast of the pingo, and a single Belfort instrument measured shelter air temperature and ground temperature at that site simultaneously. The ground temperature probe was in mesic tundra and was buried in clean gravel from the pingo.
VEGETATION CLASSIFICATION
A three-level, hierarchical, floristically-based vegetation classification was produced using the sorted table analysis method (Mueller-Dombois and Ellenberg, 1974). Differential taxa for each syntaxon were determined according to the rule that the taxa occurred in at least 50%7 of the samples within a syntaxon, and in less than 33%o of the remaining samples. The basic classification unit was the stand type, which corresponds approximately to an association in the sense of Braun-Blanquet (1932), but the informal designations are used until more phytosociological information is available from this region. The three levels of the hierarchy are given the informal designations of "group," "stand type," and "subtype." All plots were classified at least as far as the level of group and stand type. Names of the classification entities include the unit name plus two dominant or characteristic species, for example, Group Cassiope tetragona-Dryas integrifolia. Vascular plant nomenclature is based on Hulten (1968). Lichen names follow Thomson (1979 Thomson ( , 1984 , and bryophytes follow Steere (1978) and Steere and Inoue (1978) .
FLORISTIC ANALYSIS
The multiple-character approach of D. A. was used to examine the floristic affinities of the vegetation (Table 1) . Each species was assigned to a class in each of three independent categories which signify different distributional characteristics: (1) broad environmental regions, (2) northernmost limit, and (3) geographic range. Environmental regions were developed from D. A. Walker's (1985) ecological zones and are similar to biomes. Arctic species are confined wholly to the arctic tundra regions; arctic-alpine species occur also in alpine sites outside the Arctic; arctic-boreal species' ranges extend into the boreal forest region; coastal species are confined to a small strip along the coast, and their ranges may extend outside the Arctic.
The concept of northernmost limit was developed by Young (1971) 
POLLEN ANALYSIS
Pollen was analyzed from soil samples taken from the top 10 cm of vegetation releves (M. D. Walker [1990] sample nos. 5-6, 33-6, 41-5, 41-15). These are all southfacing slopes. The first number corresponds to the pingo number in Figure 2 . The samples were originally collected for soil analysis and were not specifically meant for pollen analysis. Samples were selected to have sufficient organic material present (5-10%), to have had some pollen preservation, and also to be no more than 10 cm deep. The samples likely represent a combination of modern pollen input and reworked material.
Pollen sample preparation followed Faegri and Iversen (1975) . A known weight of sample was prepared, and a tablet containing a known number of exotic marker grains (Eucalyptus) was added prior to chemical pollen concentration (Stockmarr, 1971) . Pollen was concentrated with a sequence of sodium hydroxide, hydrofluoric acid, and acetolysis treatments. The pollen was stained with fuchsin and mounted in glycerine jelly.
Pollen sums varied from 116 to 202 grains/sample. In sample numbers 41-6 and 5-6, two slides were counted to achieve sums greater than 100 grains. Pollen densities were much higher for the other two samples, and 200 counts were achieved in less than one slide. Pre-Quaternary pollen types were excluded from the pollen count. Pollen identifications were made using the INSTAAR palynology laboratory reference pollen collection and with pollen keys (Kapp, 1969; McAndrews et al., 1973; Moriya, 1976) . Percentages were averaged to produce a composite south-facing pingo slope pollen spectrum.
Fifteen modern pollen samples (12 moss polsters and 3 lake sediment samples) collected and counted by Nelson (1979) were averaged in order to represent regional pollen. These are all from the central coastal plain area. Nelson did not describe the vegetation at his sample sites. Walker (1990) . Table values are Braun-Blanquet constancy classes (I ->0-20%; II ->20-40%; II ->40-60%; IV ->60-80%; V ->80%), followed by average cover for the group expressed as a cover class (r -<0.3%; + ->0.3-<1%; 1 -1-5%; 2 ->5-25%; 3 ->25-50%; 4 ->50-75%; 5 >75-100%). 
RESULTS
VEGETATION ANALYSIS
The three classification groups defined on the pingos correspond to the physiognomic-ecological categories of steppe, fellfield, and snowbed, but their formal classification was based on differentiating taxa (Westhoff and van der Maarel, 1978), not on physiognomy (Table 2) . Of the 26 taxa in Table 2 that differentiate the three groups, only one, Cassiope tetragona, is completely absent from any given group. Twenty taxa are common to all pingo vegetation. It is notable that 17 of these are cryptogams (nine lichens and eight mosses). The three widespread vascular taxa include a dwarf shrub, Dryas integrifolia, and two forbs, Minuartia arctica and Polygonum viviparum. There are no widespread grasses.
Steppe-like vegetation occurs on well-drained sites, primarily south-facing slopes and summits that are dominated by graminoids and erect forbs and with minimal cover of Dryas integrifolia and cushion plants. These stands are placed into Group Poa glauca-Poa alpigena. This group has two steppe stand types, Cerastium beeringianum-Ranunculus pedatifidus and Poa glauca-Bromus pumpellianus, with six subtypes (Table 3) . Although Dryas integrifolia occurs in many of these sites, it has low relative cover and abundance here, and the dominant species in most of these areas are a combination of forbs and grasses. Many stand types within this group have not been described previously.
Fellfield-like vegetation is placed into Group Carex rupestris-Saxifraga oppositifolia, which is found on exposed, north-, and northeast-facing slopes. These sites have low vascular species diversity and cover, with an abundance of cushion and mat-forming plants and crustose lichens, and are ecologically similar to high alpine and high arctic sites. Five of six differential taxa are lichens, and seven taxa are in common with Group Cassiope tetragona-Dryas integrifolia. Most of the stand types in this group are not steppe types, but one, Carex rupestris-Oxytropis jordalii, has two steppe subtypes.
Snowbeds are placed into Group Cassiope tetragonaDryas integrifolia. These sites are usually dominated by dwarf ericaceous shrubs, and are similar to snowbed types described elsewhere in the Arctic (Aleksandrova, 1980; Nams and Freedman, 1987a, b).
STEPPE STAND TYPE DESCRIPTIONS
All stand types and subtypes within Group Poa glaucaPoa alpigena are described here, as well as the steppe subtypes within Stand Type Carex rupestris-Oxytropis jordalii (in Group Carex rupestris-Saxifraga oppositifolia). Distributions of the steppe stand types and subtypes indicate a strong locational component (Figure 3) . The best examples of steppe are found within Subtype Carex obtusata-Saxifraga oppositifolia, which is limited to sites greater than 15 km inland.
Stand Type Cerastium beeringianum-Ranunculus pedatifidus
This type is most common on animal-disturbed summits, but is also found on south-facing slopes near the coast. It is equivalent to the moist Festuca baffinensis, Papaver macounii, Ranunculus pedatifidus forb, grass tundra described at Prudhoe Bay by D. A. , which he associated with areas of high animal use. Coverage of Dryas integrifolia is variable in this type, and ranges from absent to 50%/, but with a low mean value of 11 o. Other important species include Papaver lapponicum and Draba cinerea. Forbs and grasses are dominant overall, and this is considered a steppe type. Soils are sandy, and species associated with the coast and rivers are common and include Potentillapulchella, Antennaria friesiana, and Alopecurus alpinus. Two subtypes are recognized with differentiating taxa, and a group of four floristically depauperate stands were not further characterized.
Subtype Festuca baffinensis-Luzula confusa is found only on summits, and the flora of this subtype has a distinctly alpine character. Three of the more common species, Saxifraga caespitosa, Festuca brachyphylla, and Papaver lapponicum, are listed by Cooper (1986) as present on the most exposed, high alpine sites in the Arrigetch Peaks region of the Brooks Range. Seven of the ten differentiating and associated vascular species are listed by Cooper as present in the Arrigetch flora.
Subtype Trisetum spicatum-Potentilla uniflora occurs primarily on summits, but it was also found on five south slopes. These sites are highly disturbed by animals such as arctic fox, arctic ground squirrel, and birds (M. D. Walker, 1990) . Like the previous subtype, these sites have a distinctly alpine character, and are dominated by grasses and forbs. This subtype grades into Stand Type Poa glauca-Bromus pumpellianus.
Stand Type Poa glauca-Bromus pumpellianus
This stand type contains good examples of steppe. Bupleurum triradiatum, an arctic-alpine species common in this type, is also an important component of southfacing steppes in interior Alaska (Edwards and Armbruster, 1989). Although this stand type is found on some of the steepest slopes, they are also exceptionally stable, with no evidence of frost action or other geomorphic disturbance. They are, however, heavily used by arctic ground squirrels. The type is equally divided between summits and south slopes, and is fairly varied, with four subtypes. Dryas integrifolia is of minimal importance.
Subtype Potentilla hookeriana-Polemonium acutiflorum was described from the summits and a south slope of three pingos. These sites often have a high cover of grasses and a meadow-like appearance (Figure 4) . Other important species are Agropyron boreale ssp. hyperarcticum, Draba glabella, and Oxytropis maydelliana. This subtype had considerable evidence of use by arctic fox.
Subtype Kobresia myosuroides-Salix glauca was found mainly on summits of a group of pingos near the Toolik River. It is characterized by the presence of erect willows (Salix spp.). Salix lanata may be present, as well as the dwarf shrub Arctous rubra; Calamagrostis purpurascens is an associated species. The importance of dwarf shrubs precludes this as a steppe type, but both K. myosuroides and C. purpurascens indicate a relationship to the steppes. Calamagrostis purpurascens is a dominant species on the Greenland steppes (Bocher, 1954 (Bocher, , 1963 ., 1989; M. D. Walker et al., 1989) .
Subtype Artemisia glomerata was represented by only a single stand. This same vegetation is found on extremely exposed south-facing sandstone outcrops in the foothills. It has few species and is dominated by Artemisia glomerata, with Poa glauca, Bromus pumpellianus, and Bupleurum triradiatum also conspicuous. It shares few species with other subtypes.
Stand Type Carex rupestris-Oxytropis jordalii
This stand type is found on south-facing slopes on the more northern pingos sampled, primarily to the north of the 70? latitude line. The steppe subtypes, however, are restricted to a group of pingos near the Toolik River, in the southern end of the study area. Subtype Carexpetricosa-Carex nardina is related to the herbaceous-cryophyte vegetation that Yurtsev (1982) (Table 4 ). This regional restriction does not imply that these taxa are rare throughout their range, only that they are restricted to specific habitats within the area considered here. These restricted taxa are consistently most common on south-facing slopes, although they represent only a small proportion of the given taxa in any sample (Figure 6 ). The lowest occurrences of restricted taxa are in snowbeds. This is because snowbeds are not limited to pingos but are fairly common regionally, whereas stable, windblown southand north-facing slopes are rare on the coastal plain, occurring primarily on pingos.
The floristic affinities of the restricted taxa are distinct from those of the other members of the pingo flora ("widespread species" in Figure 7 ). Restricted taxa are mostly Zone 4, whereas the widespread taxa are primarily Zone 2 and Zone 3 (x2 = 208.29, p < 0.001). Over half the restricted taxa are North American-Asian, whereas nearly half the widespread taxa are circumpolar (x2= 57.73, p<0.001). There is also a slightly higher proportion of North American species and Alaskan-Yukon endemics in the restricted group. The restricted taxa do not differ from the remaining pingo flora with regard to environmental regions (x2 =4.04, ns).
POLLEN
Pollen from the pingo soils differs from the modern samples analyzed by Nelson (1979) from moist and wet tundra in the Prudhoe Bay area (Figure 8 ; X2 = 208.29, p<0.001). Alnus, Betula, Picea, and Pinus have been combined into one category as long-distance taxa. The pingo pollen spectrum has lesser percentages of long-distance taxa, Salix, and Ericales, approximately the same percentages of Gramineae and Artemisia, and greater amounts of Cyperaceae, Caryophyllaceae, other forbs, and spores. Influx rates cannot be calculated because of the way in which the data were collected, and comparison of percentages is difficult. The extent to which the differences are due to differential preservation of certain pollen types in soils as compared to moss polsters and lake sediments is also difficult to assess.
The degree to which the pollen is characteristic of the modern vegetation differs considerably among the four samples, indicated by Pearson correlation coefficients between relative vegetation cover and relative pollen percent, with long-distance taxa and spores removed from the pollen sum (r2 = 0.01, 0.12, 0.50, 0.83). The two low correlations were both samples in which pre-Quaternary pollen types were found, indicating the samples were not purely recent pollen. Although Artemisia was present in the vegetation at only two sites, it was represented in the pollen spectrum at three sites (Figure 9 ). Of the two samples which had Artemisia present in the vegetation, it was over-represented in the pollen spectrum in one case and greatly under-represented in another. The relative abundance of Artemisia pollen in these samples appears to be related more to the distance of the sites from the coast, where Artemisia is most abundant regionally, than to its relative abundance in the plant community at the pollen sampling site. Other forb taxa, such as the Caryophyllaceae, appear to be better indicators of site vegetation.
While it would be premature to draw broad conclusions from only four samples, these data establish two important things. First, the pingo pollen spectra, at least for the south-facing slopes that we examined, are distinct from the regional spectra. Thus, modern pollen rain studies of these sites could be useful for determining pollen spectra for these community types. Second, Artemisia is probably not a good pollen indicator of a specific plant community, but may be a good indicator of the presence of Artemisia reasonably close to the sampling site. Artemisia pollen is most abundant in coastal sites, where it is locally common on unstable dunes and river bars.
SOILS
Pingos form following drainage of deep thaw lakes, and much of the organic material in pingo soils probably originated in the lake phase. The combined processes of colluviation, soil creep, and digging by squirrels and foxes incorporate this organic material into the subsurface layers. The result is a deep, well-drained, mineral soil that is rich in organics. The soil is colonized and stabilized by grasses, which further enhances the formation of a deep, dark-colored surface horizon. Soils associated with the steppe types are primarily Pergelic Cryoborolls (41 of 59 profiles). Pergelic Cryoborolls are differentiated from other Mollisols solely on the basis of temperature, but pedological processes in well-drained arctic soils are, in most cases, the same or analogous to processes that occur in temperate regions, although rates may be slowed (Ugolini, 1986) 
MICROCLIMATES
The south slope of the instrumented pingo had the highest maximum daily temperature of the five sites measured, and it also had the lowest minimum (Table 5) . South slope temperature fluctuated as much as 27?C in a single day. This effect is due to the low sun angle at this latitude (70?N), so that steep, south-facing slopes receive more radiation at midday than level slopes. At midnight, however, when both sun angle and ambient air temperatures are lowest, south slopes are in shadow, whereas north-facing and flat sites receive some incoming radiation from the midnight sun. Although there are no winter climate data available for pingos or equivalent sites, it is likely that annual (winter vs. summer) soil temperature fluctuations are also greatest on south-facing pingo slopes. We expect mid-winter temperatures to differ little between north-and south-facing slopes because the sun is continually below the horizon. Both north-and south-facing slopes are snow free in winter, and therefore lack the climatic buffering of snow cover. South-facing slopes of pingos, therefore, have both more extreme diurnal and annual fluctuations in surface temperature than do flat, mesic surfaces or north-facing slopes. Although these could not be considered continental microclimates in the classic sense, they do represent the continental extreme of the gradient of microclimates present in northern Alaska today. Taxa restricted to pingos are primarily arctic-alpine, North American-Asian, low arctic. The increased importance of North American-Asian taxa indicates a floristic tie to Asia, and therefore to Beringia, because the Bering Land Bridge is the only dispersal route that has existed between the continents. The great importance of Zone 4 taxa (the warmest arctic zone) indicates ties to the Brooks Range and interior Alaska. Finally, the Pergelic Cryoboroll soils, found regionally only on pingos (Everett and Parkinson, 1977) , are in many ways more similar to soils of the Great Plains than they are to the predominantly organic and wetland soils that cover most of the coastal plain. The major factor in common between the pingo soils and other coastal plain soils is that they are all underlain by permafrost, but the pingo soils are much more deeply thawed, usually to greater than 1 m, so that permafrost is not the major factor affecting their genesis. The presence of well-defined secondary carbonate horizons indicates soil processes similar to those in temperate grasslands. Yurtsev (1982) A potential criticism of classification of the pingo communities as steppe is their lack of Artemisia. While Artemisia is an important indicator species of the Herb Zone pollen assemblage, this indicates its increased regional abundance during the Duvanny Yar, but not necessarily its occurrence in every community. Artemisia is not considered a critical steppe indicator in modern vegetation. Several species of Artemisia occur abundantly on the coastal plain today, usually associated with unstable, sandy soils. The pingo pollen spectra indicate that Artemisia is likely to be present in pollen spectra when it is locally abundant, although it may not necessarily be present at the sampling site.
POTENTIAL AND LIMITATIONS OF THE PINGOS
AS STEPPE TUNDRA ANALOGS Does this pingo vegetation, which is quite different from the mesic sedge tundra that covers most of the modern Coastal Plain, represent a relict of the proposed Pleistocene steppe tundra, or is it merely a reflection of modern flora and climate? There are several problems with trying to answer this question conclusively. The first is simply that we can never determine the precise floristic composition of past communities. Instead, we can develop only a broad regional picture and an idea of broad topographic vegetation gradients with carefully selected fossil sites (e.g., Walker, 1990) . Species able to colonize pingos can readily do so from surrounding sites. It is likely that at least some of the species present in the pingo steppes are remnants that have been able to maintain their existence because of the environmental conditions present on pingos today. Subtype Carex obtusataSaxifraga tricuspidata, in particular, is characterized by a substantial number of range disjunctions and rare species, and it is difficult to explain their existence as a unit based on long-distance dispersal. It is more likely that these small, disjunct stands represent, in part, contraction of a unit that was once more continuous and abundant regionally. In contrast, Stand Type Cerastium beeringianum-Ranunculus pedatifidus is made up almost entirely of species that are now common on most dry sites across the coastal plain, and thus probably represents a relatively recent aggregation of species.
Given The value of the pingos lies not so much in their exact duplication of the Pleistocene landscape, which would be impossible to prove in any case, but in the information they can give us about species-community-environment relationships in dry tundra, which was so abundant during the Duvanny Yar (Hopkins, 1982) . What separates pingos from other dry sites is their size and their stability. Dry tundra on the coastal plain is generally limited, with the exception of pingos, to very small patches that range in size from as little as a few square meters to areas perhaps as large as 1000 m2, for example on the tops of highcentered polygons and along river terraces. Even these largest areas, however, are unstable and transient over fairly short time scales because of the dynamics of the coastal plain landscape (Black and Barksdale, 1949; Everett, 1980a). Pingos are large enough and long-lived enough to develop distinct well-defined communities. Some of the pingos within the Prudhoe Bay region of northern Alaska may be very old sites that were present during the Duvanny Yar or earlier (Rawlinson, 1983 ; D. A. .
These steppe communities are the first that have been described from arctic Alaska, and represent a northern extreme for steppe in North America. They also represent the only extensive, well-developed dry tundra communities on the Alaskan Coastal Plain. As such, they have value as analogs for past landscapes and for understanding environmental controls on modern arctic vegetation.
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